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SYNOPSIS
Synopsis of the thesis entitled “Synthetic studies towards cruentaren A and B, fluvastatin ethyl ester and development of microwave assisted new methodologies
” has been divided into three chapters.
Chapter-I: This chapter has been divided into two sections.
Section-A: This section deals with an introduction to cancer and the approaches cited in the literature towards the synthesis of cruentaren A and B, including the total syntheses.
Section-B: This section deals with stereoselective synthesis of C8-C19 segment of cruentaren A and B.
Chapter-II: This chapter has been divided into two sections.
Section-A: This section provides a brief introduction about HMG-CoA reductase inhibitors (statins) and synthetic efforts towards statins including total synthesis.
Section-B: This section deals with total synthesis fluvastatin ethyl ester.
Chapter-III: This chapter describes the development of microwave assisted new methodologies. This chapter has been divided into two sections.
Section-A: Describes the synthesis of N-substituted pyrroles in [Bmim]BF4 under
microwave irradiation.
Section-B: This section summarizes the Triton-B mediated Suzuki cross coupling reaction under microwave irradiation.








Chapter 1: 
Section-A: Introduction to cancer and the approaches cited in the literature towards the synthesis of cruentaren A and B, including total syntheses 
Section-B: Stereoselective synthesis of C8-C19 segment of cruentaren A and B
This chapter deals with brief account of introduction to cancer, brief account of the work carried out by the various research groups towards the synthesis of cruentaren A and B and a detailed account of the present work.
Many natural products pose considerable synthetic challenge because of their stereochemical complexity. The development of new and efficient methods for the region and stereoselective synthesis of biologically active compounds is an active area of research. Cruentaren A and B are cytotoxic macrolides were isolated by Hofle group from myxobacterium, Byssovorax cruenta. While Cruentaren A shows strong cytotoxicity against the L929 cell line with an IC50 value of 1.2 ngmL-1, cruentaren B showed only marginal cytotoxicity and no antifungal activity.

 









































Scheme 1: Retrosynthetic analysis
As a part of ongoing research program on the synthesis of biologically active natural products, we focused our attention towards the synthesis of cruentaren A and B using the C8-C19 fragment which is a common intermediate. The retrosynthetic analysis is depicted below (Scheme 1). 
The synthesis phosphonium salt 6 was commenced with (Z)-but-2-ene-1,4-diol 10. One of the two hydroxyl groups of 10 was protected as its mono benzyl ether using NaH, BnBr in the presence of a catalytic amount of TBAI in dry THF at 60 0C furnished 11 in 92% yield. Compound 11 on Sharpless asymmetric epoxidation gave epoxy alcohol 12 in 88% yield (93% ee), which was transformed to the corresponding tosylate 13. The tosylate 13 was converted into allyl alcohol 8 in two step process (scheme 2)









Scheme 2: Reagents and conditions: (a) NaH, THF, BnBr, TBAI, 0 0C-60 0C, over night, 92%; (b) L-(+)-DIPT, Ti(OiPr)4, TBHP, 4 Å MS, DCM, -20 0C, 3 days, 88%; (c) TsCl, Et3N, DCM, DMAP (cat) 0 0C- rt, 12 h 76%; (d) (i) KI, acetone-DMF, reflux; 1 h (ii) TPP, I2 (10 mol%), 0 0C, 1 h, 95%, over two steps.

Treatment of alcohol 8 with N-bromosuccinimide and ethyl vinyl ether in dichloromethane resulted in bromo acetal 14 as an inseparable 1:1 diastereomeric mixture in 93% yield, which on stereoselective radical cycization  in refluxing benzene using n-tributyl tin hydride and AIBN  furnished the lactol ether 15 (96:4 trans-cis ratio) in good yield. The hydrolysis of lactol ether 15 using 80% acetic acid under reflux conditions afforded the lactol 16 which was converted into diol 17 with NaBH4/CH3OH (scheme 3).











Scheme 3: Reagents and conditions: (a) NBS, ethyl vinyl ether, DCM, 0 0C to rt, 3 h, 90%;  (b) n-Bu3SnH, AIBN, benzene, reflux, 30 min, 93%; (c) 80% AcOH, reflux, 4 h, 90%; (d) NaBH4, CH3OH, 0 0C to rt, 2.5 h, 90%.

The primary hydroxyl group of the diol 17 was protected as its TBS ether 18 by using TBS chloride and imidazole and later the secondary group was protected with TBDPS chloride to get the disilyl ether 19. Selective deprotection of TBS group in 19 with catalytic CSA in 1:1 mixture of DCM and CH3OH to furnished primary alcohol 20 which was subjected to iodination using triphenyl phosphine (TPP), imidazole and iodine to get the  iodo compound 21. The phoshponium salt 6 was obtained by refluxing a 1:1.1 mixture of iodo compound 21 and TPP in benzene (scheme 4).

 















Scheme 4: Reagents and conditions: (a) TBSCl, imidazole, DCM, 0 0C to rt, 30 min, 95%; (b) TBDPSCl, imidazole, cat DMAP, DMF, 0 0C to rt 6 h, 98%; (c) CSA, CH3OH:DCM (1:1), 0 0C to rt, 1.5 h, 90%; (d) TPP, I2, imidazole, THF, 0 0C to rt, 1 h, 89%; (e) TPP, benzene, reflux, 48 h, 92%.

The synthesis of aldehyde 7 commenced from 3-butyne-1-ol 22. It was converted into 28 in 6 steps using a literature procedure (Scheme 5). The alchohol 22 was protected as its benzyl ether 23 with BnBr and NaH in dry THF, which was homologated with LDA and paraformaldehyde to get alcohol 24. Cis hydrogenation of compound 24 with Lindlars catalyst gave allyl alchohol 25 which on Sharpless asymmetric epoxidation gave epoxy alcohol 26. Oxidation and Wittig olefination of 26 provided epoxy acrylate 27 which was converted to 28 with Me3Al in DCM. The secondary hydroxyl group of 28 was protected as its TBS ether using TBSCl, triethyl amine, and DMAP (cat)  in dry CH2Cl2 at 0 °C  furnished TBS ether 9 in 95% yield.


















Scheme 5: Reagents and conditions: (a) NaH, BnBr, THF, 0 0C-rt, 4 h, 92%; (b) LDA, (CH2O)n, THF, -78 0C-rt, 4 h, 83%; (c) Lindlar, H2, EtOAc, rt, 2 h, 96%; (d) D-(-)-DIPT, Ti(OiPr)4, TBHP, DCM, 4 Ao MS, -20 °C, 3 days 88%, 92% ee (e) (i) (COCl)2, DMSO, Et3N, CH2Cl2, -78 0C; (ii) Ph3PCHCO2Et, benzene, reflux, 4 h, 92% (for two steps).;  (f) Me3Al, CH2Cl2,H2O , -40 0C, 1.5 h,  92%; (g) TBSCl, Et3N, DMAP, CH2Cl2, rt, 24 h, 95%.

Reduction of 9 with DIBAL provided the allyl alcohol 29, which set the platform for introducing two more chiral centres via Sharpless asymmetric epoxidation. Thus the allyl alcohol 29 on Sharpless asymmetric epoxidation yielded epoxy alcohol 30 which was regioselectively opened with Gillmann cuprate generated from MeLi and CuI at -40 0C furnished the diol 31. Further , the diol was protected as acetonide 32 with 2,2-dimethoxy propane and PPTS in dry DCM in 93% yield. Cleavage of benzyl ether in the acetonide  32 with lithium in liquid ammonia at -33 0C afforded the primary alcohol 33, which on subsequent oxidation with TEMPO/BIAB gave the aldehyde 7 in 77 % yield over two steps (scheme 6).



















Scheme 6: Reagents and conditions: (a) DIBAL-H, Et2O, -78 0C to -20  0C, 1h, 90%; (b) L-(+)-DIPT, Ti(OiPr)4 ,TBHP, CH2Cl2, -20  0C, 8 h, 89%; (c) CH3Li, CuI, Et2O, -40 0C, 2 h, 80%; (d) 2,2-dimethoxy propane, PPTS, CH2Cl2, 1 h, 93%; (e)  Li, liq. NH3, THF, -33 0C, 1 h, 91%; (f) TEMPO, BAIB, CH2Cl2, 0 0C to rt, 2 h, 85 %.

With the phoshponium salt 6 and aldehyde 7 in hand, we explored the possibilities for the synthesis of C8-C19 fragment by employing a cis Wittig olefination procedure. The Z olefin, within the C8-C19 fragment was formed by a Wittig reaction between the phoshonium salt 6 and aldehyde 7 using substoichiometric  amount of n-BuLi as the base and THF as solvent at -78 0C for 12 hrs in 75 % yield with Z/E : 10/1 selectivity (Scheme 7). An excess of this base or use of other bases and variation in temperature resulted in lower selectivity and elimination products.






Scheme 7: Reagents and conditions: (a) n-BuLi, THF, -78 0C to 23 0C, 12 h, 75 % (Z:E=10:1).
        In summary, we succeeded in accomplishing the stereoselective synthesis of C8-C19  fragment of cruentaren  A and B. Key features of the synthesis of our target includes radical cyclization, regioselective methylation of , - epoxy acrylate and cis Wittig olefination. 
Chapter-II: 
Section-A: Introduction about HMG-CoA reductase inhibitors (statins) and synthetic efforts towards statins including total synthesis
Section-B: Total synthesis fluvastatin ethyl ester
This chapter deals with a brief account of the reported synthesis of HMG-CoA reductase inhibitors by various research groups and an elaborate account of the synthesis of fluvastatin ethyl ester 1. Inhibitors of the enzyme 3-hydroxy-3-methyl-glutaryl coenzyme reductase (HMG-CoA reductase) commercialized under the general trade name statins have become the standard of care for treatment of hypercholesterolemia due to the efficacy, safety and longterm benefits. Lescol (fluvastatin sodium, 2) is a water soluble cholesterol lowering agent which acts through the inhibition of 3-hydroxy 3-methylglutaryl coenzyme A (HMG-CoA) reductase. 







As a part of the programme aimed at the synthesis of biologically active molecules, it was decided to synthesize fluvastatin ethyl ester. The retrosynthetic analysis is depicted below (Scheme 1). 





                               




Scheme 1

Synthesis aryl bromide 3 started form aniline 5 and para-fluoro phenacyl bromide 6. A mixture of aniline and para-fluoro phenacyl bromide (1: 1) in [bmim]BF4 was irradiated in a CEM discover benchmate microwave to get indole 8 in 95% yield. The indole 8 was converted N-isopropyl indole derivative 9 using NaH, THF and isopropyl bromide in 80% yield. Compound 9 was brominated at 2 nd position with NBS in CCl4 to get aryl bromide 3 (scheme 2).













Scheme 2: Reagents and conditions: (a) [bmim]BF4, 130 0C, 150 W, MW, 15 min, 95%; (b) NaH, THF, isopropyl bromide, 0 0C- rt, 80%; (c) NBS, CCl4, reflux,  6h, 90%.

The synthesis of vinyl stannane 4 was commenced with 1,3-propane diol 10.
One of the two hydroxyl groups of 10 was protected as its mono benzyl ether using NaH and benzyl bromide in  dry THF at rt  furnished 11 in 65% yield. The free hydroxyl group of 11 was then oxidized using Swern conditions to afford an aldehyde which on Wittig olefination with stable ylide carboethoxymethylene triphenylphosphorane produced trans ,-unsaturated ester 12 in 90% yield. Reduction of 12 with DIBAL-H in dry ether provided the allyl alcohol 13 which on sharpless epoxidation furnished the epoxy alcohol 14. Epoxy alcohol 14 was converted to chloro epoxide 15  with TPP and NaHCO3  in CCl4 in 86% yield, which on treatment with lithium disiopropyl amide (LDA) in dry THF at -40 0C yielded alkynol 16 in 90% yield (scheme 3).












Scheme 3: Reagents and conditions: (a) NaH, THF:DMF (10:7), BnBr , 0 0C- rt, 12 h, 65%; (b) (i) (COCl)2, DMSO, Et3N, CH2Cl2, -78 0C; (ii) Ph3PCHCO2Et, benzene, reflux, 4 h, 90% (for two steps); (c) DIBAL-H, Et2O, -78 0C to -20  0C, 1h, 90%; (d) L-(+)-DIPT, Ti(OiPr)4 ,TBHP, CH2Cl2, -20  0C, 16 h, 86%; (e) TPP, NaHCO3, CCl4, reflux, 12 h, 86%; (f) LDA, THF, -40 0C, 1 h, 90%.

The secondary hydroxyl group of 16 was protected as its TBDPS ether by using TBDPSCl and imidazole as base in DMF and deprotection of benzyl benzyl group with lithium in naphthalene at -33 0C afforded the primary alcohol 18. The alcohol 18 was then oxidized using Swern conditions to afford an aldehyde which on Wittig olefination with stable ylide carboethoxymethylene triphenylphosphorane produced trans ,-unsaturated ester 19 in 90% yield. The TBDPS group in compound 19 was deprotected with TBAF to get alcohol 7 which is the precursor for oxa-Michael addition. Intramolecular oxa-Michael syn-addition reaction on alcohol 7 was executed easily using benzaldehyde and potassium tert-butoxide at 0 oC in anhydrous THF furnished benzylidene acetal 20 in 72%  isolated yield (dr:95%). The benzylidene acetal 20  was converted to vinyl stannane 4 using tributyl tinhydride and catalytic AIBN in dry benzene in 80% yield (scheme 4).













Scheme 4: Reagents and conditions: (a) TBDPSCl, imidazole, cat DMAP, DMF, 0 0C to rt 6 h, 95%; (b) Li, naphthalene, THF, -23 0C, 1 h, 85%; (c) (i) (COCl)2, DMSO, Et3N, CH2Cl2, -78 0C; (ii) Ph3PCHCO2Et, benzene, reflux, 4 h, 90% (for two steps) (d) TBAF, THF, 0 0C- rt, 4 h, 90%; (e) PhCHO, KOtBu, THF, 0 oC, 45 min. 72%; (f) n-Bu3SnH, AIBN (cat), benzene, reflux, 3 h, 80%.

The assembly of aryl bromide 3 and vinyl stannane 4 was undertaken by the Stille cross coupling reaction. Refluxing a solution of 1 equivalent of aryl bromide 3 and 1.3 quivalents of vinyl stannane 4 in benzene with catalytic Pd(PPh3)4 in a sealed tube for 20 h yielded the coupled product  21 in 75% yield. The benzylidine acetal group in compound 21 was deprotected with catalytic CSA in methanol in 80% yield to get fluvastatin ethyl ester 1 (scheme 5).













Scheme 5: Reagents and conditions: (a) Pd(PPh3)4, benzene, reflux, 110 0C, 20 h, 75% (b) CSA, CH3OH, 0 0C, 6 h, 80%.

         In summary, the synthesis of fluvastatin ethyl ester was achieved using an oxa-Michael addition reaction and Stille coupling as as key steps.
Chapter-III: This chapter deals with development of microwave assisted new methodologies.
Section-A: Synthesis of N-substituted pyrroles in [bmim]BF4 under microwave irradiation
Pyrroles are important heterocyclic compounds displaying remarkable pharmacological properties such as antibacterial, antiviral, anti-inflammatory, antitumoral, and antioxidant activities. The pyrrole moiety is found in many naturally occurring compounds such as heme, chlorophyll, and vitamin B12. Pyrroles are also present in various bioactive drug molecules such as atrovastatin, anti-inflammatory and antitumor agents, and immunosuppressants. Quinoxaline derivatives are important classes of nitrogen-containing heterocycles which are  useful intermediates in organic synthesis. In view of their high significance, many methodologies have been developed for the construction of the pyrrole skeleton. Among them, the Paal–Knorr synthesis remains the most useful preparative method for generating pyrroles. In recent years, a variety of reagents such as K10 clay, bismuth nitrate, Dy(OTf)3, PMA/SiO2, -CD, under reflux conditions have been utilized for the synthesis of N-substituted pyrroles. Many of these procedures involve the use of expensive reagents, metal triflates, extended reaction times and produce a huge amount of toxic waste. So it is desirable to discover ecofriendly procedures for the synthesis of pyrrole derivatives. Recently, ionic liquids have emerged as a set of green solvents with unique properties such as tunable polarity, high thermal stability and immiscibility with a number of organic solvents, negligible vapor pressure and recyclability. Among various ionic liquids, 1-butyl-3-methylimidazoliumtetrafluoroborate [bmim]BF4 has been used in the synthesis of vicinal diamines, one-pot syntheses of 2H-indazolo[2,1-b] phthalazine-triones, and hydrative cyclization of 1,6-diynes. It has been proven recently that microwave heating improves the preparative efficiency and reduces the reaction time for several organic transformations. 
Herein, microwave assisted synthesis of pyrrole substituted indolinones was explored by the condensation of 4-hydroxy proline with isatin derivatives using [bmim]BF4 as a catalyst as well as reaction medium to overcome many of the drawbacks in the previous methodologies (Scheme 1).
















            In conclusion, we have demonstrated a rapid, efficient and ecofriendly method for the synthesis of 3-(1H-pyrrol-1-yl)indolin-2-ones and 11-(1H-pyrrol-1-yl)-11H-indeno[1,2-b]quinoxalin-11-ones by the condensation of 4-hydroxyproline with substituted isatins and (ethyldeneamino)-2,3-dihydroindene-1-ones  by using ([bmim]BF4. In addition, the method is applicable for substituted isatins as well as indoles.













Section-B: Triton-B mediated Suzuki cross coupling reaction under microwave irradiation
The classical Suzuki coupling has been reported with aryl halide and boronic acid in the presence of strong base.  Recently, Hoshi and Hagiwara reported Suzuki coupling of aryl chlorides with aryl boronic acids. The coupling reaction of N-hetero aryl and normal aryl chlorides with thiophene- and furan boronic acids has been reported using complex ligands with longer reaction time (14 h). In case of sterically hinderd biaryls, the addition of strong base remarkably enhance the rate of coupling. Subsequently, thalium hydroxide in DMF reported for the synthesis of hindered biaryls. Ultrasound has also been shown to enhance the coupling of aryl halide in biphasic system using benzyl triethyl ammonium bromide as PTC. Though the reported methods proved with incremental success, in view of green chemistry these methods have drawbacks of using corrosive and toxic metal hydroxides or phosphates, higher boiling solvents or carcinogenic solvents which are detrimental to environment. However, because of its unique importance of the reaction there has been continuing interest to replace strong and corrosive bases with alternate and safe base. Triton B (benzyl trimethyl ammonium hydroxide) has been used as efficient and non-metallic base in alkylation, oxime ethers preparation, Michael type addition, nitroaldol condensation. Herein   we report Suzuki coupling reaction utilizing triton B as base and ethanol as reaction medium in conjugation with microwave irradiation (scheme 1).








In conclusion, we have developed a rapid microwave assisted protocol for Suzuki coupling reaction using triton B as base in ethanol medium.  The suggested methodology was applicable to sterically hindered halides as well as to a wide range of aryl halides in particular for aryl chlorides which are usually less reactive.

Table: Suzuki coupling reaction of ayl/hetero aryl halides with aryl/hetero aryl boronic acids

* Yields after purification
Table (cont.)


























* Yields after purification
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